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(57) Abstract 

A method for etching a substrate having 
thereon a silicon dioxide-containing layer disposed 
above a TiN layer is disclosed. The method in- 
cludes positioning the substrate in the plasma pro- 
cessing chamber. There is also included flowing 
an etchant source gas that includes CO, CHF3, 
neon and N2 into the plasma processing cham- 
ber. Further, there is included forming a plasma 
out of the etchant source gas within the plasma 
processing chamber to cause etching of the sili- 
con-dioxide-contairiing layer. 
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IMPROVED TECHNIQUES FOR ETCHING AN OXIPE LAYER 



BACKGROUND OF THE INVENTION 



10 The present invention relates to the fabrication of semiconductor integrated 

circuits (IC's) and flat panel displays. More particularly, the present invention 
relates to improved methods and apparatus for etching through the silicon dioxide- 
containing layer of a substrate during semiconductor device fabrication. 

In the fabrication of semiconductor devices, different layers may be 

15 deposited, patterned, and etched to form the desired structures on the substrate 
(i.e., a glass panel or a semiconductor wafer). In some semiconductor devices, 
titanium nitride (TiN) is often employed as an etch stop layer during the etching of 
an overlying silicon dioxide-containing layer or as an antireflective coating (ARC) 
layer. By way of example, when the TiN layer is employed under a silicon 

20 dioxide-containing layer, such as a PETEOS (plasma enhanced 

tetraethylorthosilicate), BSG (boron-doped silicate glass), USG (undoped silicate 
glass), BPSG (borophosphosilicate glass), or the like, the TiN material may serve 
as an etch stop during a via etch through the silicon dioxide-containing layer. 
Thereafter, the TiN material may serve as a barrier or glue material between the 

25 subsequently deposited tungsten or aluminum plugs and any underlying metal 
layer (e.g., copper or aluminum). 

To facilitate discussion, Fig. 1 illustrates a cross section view of some 
exemplary layers of a substrate. With reference to the figures herein, it should be 
noted that other additional layers above, below, or between the layers shown may 

30 be present. Further, not all of the shown layers need necessarily be present and 
some or all may be substituted by other different layers. In Fig. 1, there is shown 

1 
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an underlying layer 1 02, representing any layer or layers that may underlie a TiN 
layer on a substrate. For example, underlying layer 102 may represent the 
substrate itself or may represent layers subsequently deposited and etched prior to 
the deposition of a TiN layer 104. TiN layer 1 04 is shown disposed between 
5 underlying layer 102 and a subsequently deposited silicon dioxide-containing 
layer 106. Although the layers of Fig. 1 has not been shown to scale to facilitate 
ease of illustration, TiN layer 104 is typically much thinner than silicon dioxide- 
containing layer 106, 

In some cases, it is often desirable to etch through silicon dioxide- 

10 containing layer 1 06 down to the interface between silicone dioxide-containing 
layer 106 and TiN layer 104 without etching completely through TiN layer 104. 
In these cases, TiN layer 104 may function as the etch stop layer, i.e., it is 
desirable that the etching stops before TiN layer 104 is etched through. As 
semiconductor devices density increases over time, however, it becomes 

15 increasingly difficult to etch, using prior art etch techniques, through silicon 

dioxide-containing layer 106 without damaging underlying TiN layer 104. This is 
because the TiN layer is typically quite thin in modern high density semiconductor 
devices since a thinner TiN layer is more conducive to the manufacture of high 
density devices. 

20 In the prior art, the etching of the oxide layer (i.e., the silicon dioxide- 

containing layer) was typically accomplished using a C X F Y chemistry (e.g., CF 4 , 
C 2 F 6 , CF 8 or the like ). The C X F Y chemistry was selected primarily for its high 
etch rate through the oxide layer. By way of example, the prior art C X F Y 
chemistry typically etches through the oxide layer at a rate of greater than about 

25 2,000 angstroms per minute. Unfortunately, the C X F Y chemistry has a relatively 
low selectivity toward TiN. That is, the prior art C X F Y chemistry also etches the 
TiN material at a relatively significant etch rate. For example, the C X F Y chemistry 
typically has an oxide-to-TiN selectivity in the range of 7 to 1 to 10 to 1 (i.e., the 
C X F Y etches through the oxide material 7 to 10 times as fast as it etches through 

30 the TiN material). 

In Fig. 2, a trench 108 is etched through silicon dioxide-containing layer 
106. TiN layer 104 is intended as the etch stop layer and should have stopped the 
oxide etch before the oxide etch proceeds through to underlying layer 102. 
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Nevertheless, the low TiN selectivity of the prior art chemistry causes TiN layer 
104 of Fig, 2, which is quite thin to enable the semiconductor devices to pack 
closely together, to be completely etched through under trench 108. When the 
TiN layer is inadvertently etched through, the bottom of trench 108 may present 
5 an irregular topology to subsequent processes, which may cause the fabricated 
devices to fail due to, for example, unintended misalignment of layers. Further 
the absence of the TiN barrier material at the bottom of the trench may cause ion 
leakage and/or other unintended electrical characteristics in the fabricated devices . 
In a typical situation, TiN layer 1 04 may be etched through either during the main 
10 oxide etch step or during the oxide over-etch step. 

The low oxide-to-TiN selectivity of the prior art C X F Y chemistry also poses 
significant problems during the etching of multi-level oxide layers. To facilitate 
discussion, Fig. 3 depicts a multi-level oxide structure 300, including a multi level 
oxide layer 302. For illustration purposes, multi-level oxide layer 302 includes a 
15 thick region 304 and a thin region 306 although other regions of various 

thicknesses may also be present within multi-level oxide layer 302. Multi-level 
oxide layer 302 is disposed on TiN layer 104, which is intended to function as an 
etch stop during the etching of multi-level oxide layer 302. For consistency, 
underlying layer 102 is also shown disposed below TiN layer 104, 

20 In some cases, it may be desirable to simultaneously create vias in thick 

region 304 and thin region 306 of multi-level oxide layer 302. Since thin region 
306 is thinner than thick region 304, via etching in thin region 306 may be 
completed before the oxide material in thick region 304 is completely etched 
through. If the oxide etch is allowed to continue to facilitate etching of the via in 

25 thick region 304, the low oxide-to-TiN selectivity of the prior art C X F Y chemistry 
may undesirably etch through the TiN material within the via in thin region 306. 

On the other hand, if the oxide etch step is shortened to prevent damage to 
the TiN material underneath the via in thin region 306, the via through thick 
region 304 of multi-level oxide layer 302 may not be completely etched through. 
30 As is apparent, the low oxide-to-TiN selectivity of the prior art chemistry poses 
serious problems while etching multi-level oxide layers of modern high density 
ICs. 

3 
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In view of the foregoing, there are desired improved techniques for etching 
through the oxide layer during the manufacture of semiconductor devices. The 
improved techniques preferably provide a high oxide-to-TiN selectivity to 
substantially reduce damage to the underlying TiN layer during oxide etching* 
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SUMMARY OF THE INVENTION 

The invention relates, in one embodiment, to a method for etching a 
substrate in a plasma processing chamber. The substrate has thereon a silicon 

5 dioxide-containing layer disposed above a TiN layer. The method includes 

positioning the substrate in the plasma processing chamber. There is also included 
flowing an etchant source gas that includes CO, CHF 3> neon and N 2 into the 
plasma processing chamber. Further, there is included forming a plasma out of 
the etchant source gas within the plasma processing chamber to cause etching of 

10 the silicon-dioxide-containing layer. 

In another embodiment, the invention relates to a method for preventing 
damage to an underlying TiN layer while etching a multi-level silicon dioxide- 
containing layer in a plasma processing chamber. The multi-level silicon dioxide- 
containing layer is disposed above the TiN layer on a substrate. The multi-level 
1 5 silicon dioxide-containing layer includes a thin region and a thick region, The 

method includes forming a photoresist mask above the multi4evel silicon-dioxide 
containing layer. The photoresist mask has therein a first via opening above the 
thin region and a second via opening above the thick region. 

The method further includes disposing the substrate, including the 
20 photoresist mask, in the plasma processing chamber. There is also included 
flowing an etchant source gas that includes CO, CHF 3 , neon and N 2 into the 
plasma processing chamber. Additionally, there is included providing power to 
electrodes of the plasma processing chamber to form a plasma out of the etchant 
source gas, thereby causing etching of the multi-level silicon dioxide-containing 
25 layer through the first via opening and the second via opening. During etching, 
the flow rates of the CO, the CHF 33 the neon and the N 2 are configured permit the 
multi-level silicon dioxide-containing layer to be completely etched through in the 
thick region without damaging the TiN layer under the thin region of the multi- 
level silicon dioxide-containing layer. 

30 In yet another embodiment, the invention relates to a method for forming 

an integrated circuit. The method includes providing a semiconductor wafer 

5 
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having thereon a silicon dioxide-containing layer disposed above a TiN layer. 
There is also included positioning the semiconductor wafer in a plasma processing 
chamber. Additionally, there is included flowing an etchant source gas that 
includes CO, CHF 3 , neon and N 2 into the plasma processing chamber. Further, 
5 there is included forming a plasma out of the etchant source gas within the plasma 
processing chamber to cause etching of the silicon-dioxide-containing layer. 

These and other features of the present invention will be described in more 
detail below in the detailed description of the invention and in conjunction with 
the following figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings and in which like 
5 reference numerals refer to similar elements and in which: 

To facilitate discussion, Fig, 1 illustrates a cross section view of some 
exemplary layers of a substrate, including the silicon dioxide-containing layer and 
the underlying TiN layer. 



10 



In Fig. 2, a trench is etched through silicon dioxide-containing layer of Fig. 

Fig. 3 depicts an exemplary multi-level oxide structure, including a multi 
level oxide layer. 

Fig. 4 illustrates a triode-type plasma processing system, representing a 
plasma processing system suitable for use with the inventive CO/CHF 3 /neon/N 2 
15 oxide etch technique. 

Fig. 5 illustrates, in accordance with one embodiment of the present 
invention, the steps involved in etching a substrate having thereon an oxide layer 
disposed above a TiN layer. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will now be described in detail with reference to a 
few preferred embodiments thereof as illustrated in the accompanying drawings. 
5 In the following description, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. It will be apparent, 
however, to one skilled in the art, that the present invention may be practiced 
without some or all of these specific details. In other instances, well known 
process steps and/or structures have not been described in detail in order to not 
1 0 unnecessarily obscure the present invention. 

In accordance with one aspect of the present invention, the aforementioned 
TiN damage issue is substantially alleviated by etching the oxide layer (i.e., the 
silicon dioxide-containing layer) with a novel chemistry that includes CO, CHF 3 , 
neon and N 2 in a plasma processing system. In a preferred embodiment, the 

1 5 inventive chemistry is employed to etch through the oxide layer in a triode-type 
plasma processing system such as the Lam 9500™ plasma processing system 
available from Lam Research Corp. of Fremont, California. However, it is 
contemplated that the inventive oxide etch technique, using the inventive 
CO/CHF 3 /neon/N 2 chemistry, may be performed in any of the known plasma 

20 processing apparatuses including, but not limited to, those adapted for dry etching, 
plasma etching, reactive ion etching, magnetically enhanced reactive ion etching, 
electron cyclotron resonance etching, or the like. Note that the this is true 
irrespective of whether energy to the plasma is delivered through capacitively 
coupled parallel electrode plates, through ECR microwave plasma sources, or 

25 through inductively coupled RF sources such as helicon, helical resonators, and 
transformer coupled sources (either planar or non-planar). These processing 
systems, among others, are readily available commercially from a number of 
vendors including the aforementioned Lam Research Corp, 

To facilitate discussion, Fig. 4 illustrates a triode-type plasma processing 
30 system 402, representing a plasma processing system suitable for use with the 
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inventive CO/CHF 3 /neon/N 2 oxide etch technique. Referring now to Fig. 4, 
triode-type plasma processing system 402 includes a chamber 404. Within 
chamber 404, there is disposed an upper electrode 406 and a lower electrode 408. 
In the embodiment of Fig. 4, upper electrode 406 represents a combination 
5 electrode/gas distribution plate mechanism through which etchant source gases 
entering through port 41 0 is distributed into chamber 404 through apertures 412, 

Above lower electrode 408, there is disposed a substrate 414, representing, 
for example, a glass panel or a semiconductor wafer having thereon an oxide layer 
to be etched. Upper electrode 406 and lower electrode 408 are powered by an RF 
10 power source 420, which provides radio frequency (RF) power to the electrodes 
via appropriate matching and/or capacitive blocking networks (conventional and 
not shown to simplify the illustration). In one embodiment, the frequency range 
of RF power source 420 is about 13.56 MHz although other suitable RF frequency 
ranges may also be employed. 

15 Between upper electrode 406 and substrate 414, there is disposed a 

grounded anode 422, In embodiment of Fig. 4, grounded anode 422 represents a 
grounded hollow anode, i.e., a grounded grid having therein a plurality of 
apertures or aberrations. During plasma etching, grounded anode 422 helps 
improve the etch uniformity on substrate 414 by more uniformly distributing the 

20 ions over the surface of substrate 414, 

To prepare for oxide etching, substrate 414 having thereon an oxide layer 
disposed above a TiN layer is introduced into chamber 404 and positioned on top 
of lower electrode 408. The inventive CO/CHF 3 /Neon/N 2 etchant source gas is 
then flowed through port 410. When RF power is supplied to upper electrode 406 

25 and lower electrode 408, a remote plasma cloud is struck in between upper 
electrode 406 and the grounded anode 422, and a reactive ion etching (RIE) 
plasma cloud is ignited within the region between grounded anode 422 and 
substrate 414 to etch the exposed surface of substrate 414. The reaction creates 
volatile byproducts, which are then exhausted away through exhaust port 450. 

30 The oxide etch step ends after a predetermined time has elapsed or when an 

appropriate monitoring apparatus (such as an optical wavelength monitor) detects 
that the oxide material has been etched through. 
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While not wishing to be bound by theory, it is believed that the formation 
of titanium oxide over the TiN surface contributes to the high oxide-to-TiN 
selectivity of the inventive CO/CHF 3 /Neon/N 2 oxide etching technique. The 
titanium oxide is believed to be formed as CO reacts with TiN. Alternatively or 
5 additionally, it is believed that the reactions between CHF 3? C0 2s COF 2 and,SiF 4 
generate CF 2 , CF X , and CHF X polymers Some of the polymers formed (believed 
to be fluorocarbon or hydrofluorocarbon) may block the etching of the underlying 
TiN layer during oxide etching. When so blocked, TiN erosion is retarded to a 
significant degree. Alternatively or additionally, it is believed that as the oxide 

10 material is removed in the via and the TiN material is exposed to the reactive 

species, titanium will be sputtered onto the side walls of the via and catalyze the 
formation of polymer to block TiN etching. Alternatively or additionally, neon is 
believed to play a role in controlling the RIE lag (i.e., reducing the disparity in the 
etch rate in the open region of the substrate versus the etch rate in the narrow 

15 region). N 2 is believed to help remove polymer residues and is also believed to 
play a role in RIE lag control 

Examples 

In one example, an 8-inch wafer having thereon a 600 angstroms thick 
layer of TiN and a multi-level PETEOS layer of 7,000 angstroms thick and 14,000 
20 angstroms thick is disposed in the aforementioned Lam 6500™ plasma processing 
system. Table 1 illustrates the approximate parameters for use in the oxide main 
etch step while etching through the oxide layer on the sample wafer 
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Suitable 
Range 


Preferred 
Range 


Preferred 
Value 


Time 
(seconds) 


80-120 


90-110 


100 


CHF 3 flow 
(sccrn) 


35-65 


45-55 


50 


CO flow 
(seem) 


25-45 


30-40 


35 


Neon flow 
(seem) 


180-220 


190-210 


200 


N 2 flow 
(seem) 


20-40 


25-35 


30 


Upper 
Electrode 
Temp 
(°C) 


15-25 


18-22 


20 


Lower 
Electrode 
Temp 
(°C) 


8-16 


10-14 


12 


Power 
(Watts) 


400-700 


500-600 


550 


Pressure 
(mTorr) 


125-175 


140-160 


150 



TABLE 1 
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Table 2 illustrates the approximate parameters for use in the oxide over- 
etch step while etching through the oxide layer on the sample wafer. 





Suitable 
Range 


Preferred 
Range 


Preferred 
Value 


Time 
(seconds) 


80-120 


90-110 


100 


CHF 3 flow 
(seem) 


20-40 


25-35 


30 


CO flow 
(seem) 


40-70 


50-60 


55 


Neon flow 
(seem) 


180-220 


190-210 


200 


N 2 flow 
(seem) 


20-40 


25-35 


30 


Upper 
; Electrode 
Temp 

rc) 


15-25 


18-22 


20 


Lower 
Electrode 
Temp 
(°C) 


8-16 


10-14 


12 


Power 
(Watts) 


400-700 


500-600 


550 


Pressure 
(mTorr) 


125-175 


140-160 


150 



5 TABLE 2 
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Fig. 5 illustrates, in accordance with one embodiment of the present 
invention, the steps involved in etching a substrate having thereon an oxide layer 
disposed above a TiN layer. In step 502, a substrate having thereon an oxide 
layer disposed above a TiN layer is provided and positioned within the plasma 
5 processing chamber. In step 504, the oxide layer is etched using the inventive 
CO/CHF 3 /neon/N 2 chemistry of the present invention. In one embodiment, the 
parameters employed in step 504 is substantially similar to those disclosed in 
Tables 1 and 2. However, the disclosed parameters may be optimized and/or 
varied to suit the requirements of a particular substrate size, a particular oxide 
10 layer (both in composition and in thickness), a particular TiN layer (both in 
composition and thickness) and/or a specific plasma processing system. 

In step 506, the substrate may undergo additional processing steps that are 
conventional in nature. Thereafter, the finished substrate may be processed into 
dies which may then be made into IC chips or processed to form a flat panel 
15 display. The resulting IC chip(s) or flat panel display(s) may then be incorporated 
into an electronic device, e.g., any of the well known commercial or consumer 
electronic devices, including digital computers. 

The inventive CO/CHF 3 /neon/N 2 oxide etch chemistry advantageously 
yields, in the experiments conducted, a high oxide-to-TiN selectivity relative to 
20 prior art C X F Y chemistry. Scanning electron microscope (SEM) photographs 

reveal that the oxide-to-TiN selectivity may be greater than about 50 to 1 or even 
greater than about 60 to 1 . This is a significant improvement over the typical 7 to 
1 to 10 to 1 oxide-to-TiN selectivity observed when the prior art C x F y chemistry is 
employed. 

25 Further, analysis of SEM photographs reveals that the high oxide-to-TiN 

selectivity is achieved without compromising proper etch profile, critical 
dimension (CD) control, RIE lag, selectivity to photoresist, and/or residue control. 
As can be appreciated by those skilled in the art, the underlying TiN layer is 
advantageously protected during the oxide etching process due to the high oxide- 

30 to-TiN selectivity. Further, the high oxide-to-TiN selectivity advantageously 
permits a high degree of over-etch during the oxide etch step. The ability to 
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perform an extended over-etch is advantageous in etching a multi-level oxide layer 
since it preserves the TiN material within the via in the thin oxide region while 
allowing the oxide material in the thick region of the multi-level oxide layer to be 
completely etched through. 

While this invention has been described in terms of several preferred 
embodiments, there are alterations, permutations, and equivalents which fall 
within the scope of this invention. It should also be noted that there are may 
alternative ways of implementing the methods and apparatuses of the present 
invention. It is therefore intended that the following appended claims be 
interpreted as including all such alterations, permutations, and equivalents as fall 
within the true spirit and scope of the present invention. 
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What is claimed is: 

1 . A method for etching a substrate in a plasma processing chamber, 
said substrate having thereon a silicon dioxide-containing layer disposed above a 

5 TiN layer, said method comprising: 

positioning said substrate in said plasma processing chamber; 
flowing an etchant source gas that includes CO, CHF 3 , neon and N 2 into 
said plasma processing chamber; and 

forming a plasma out of said etchant source gas within said plasma 
1 0 processing chamber to cause etching of said silicon-dioxide-containing layer, 

2. The method of claim 1 wherein said substrate is a semiconductor 

wafer. 

15 3 . The method of claim 1 wherein said substrate is a glass panel. 

4. The method of claim 1 wherein said silicon dioxide-containing 
layer represents a tetraethylorthosilicate (TEOS) layer. 

20 5. The method of claim 1 wherein said etchant source gas consists 

essentially of CO, CHF 3 , neon and N 2 . 

6. The method of claim 5 wherein a flow ratio of said CHF 3 to said 
CO is about 1.1 to 1.8. 

25 

7. The method of claim 5 wherein a flow ratio of said CHF 3 to said 
neon is about 0.2 to 0.3. 

8. The method of claim 5 wherein a flow ratio of said CHF 3 to said N 2 
30 is about 1.5 to 2.0. 
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9. The method of claim 5 wherein said plasma processing chamber 
represents a triode-type plasma processing chamber having therein a grounded 
hollow anode. 

5 10. The method of claim 1 wherein said substrate represents a substrate 

for forming integrated circuits (ICs). 

11. A method for preventing damage to an underlying TiN layer while 
etching a multi-level silicon dioxide- containing layer in a plasma processing 

10 chamber, said multi-level silicon dioxide-containing layer being disposed above 
said TiN layer on a substrate, said multi-level silicon dioxide-containing layer 
including a thin region and a thick region, said method comprising: 

forming a photoresist mask above said multi-level silicon-dioxide 
containing layer, said photoresist mask having therein a first via opening above 

15 said thin region and a second via opening above said thick region; 

disposing said substrate, including said photoresist mask, in said plasma 
processing chamber; 

flowing an etchant source gas that includes CO, CHF 3 , neon and N 2 into 
said plasma processing chamber; and 

20 providing power to electrodes of said plasma processing chamber to form a 

plasma out of said etchant source gas, thereby causing etching of said multi-level 
silicon dioxide-containing layer through said first via opening and said second via 
opening, flow rates of said CO, said CHF 3 , said neon and said N 2 being configured 
permit said multi-level silicon dioxide-containing layer to be completely etched 

25 through in said thick region without damaging said TiN layer under said thin 
region of said multi-level silicon dioxide-containing layer. 

12. The method of claim 1 1 wherein said etchant source gas consists 
essentially of CO, CHF 3? neon and N 2 , 

30 

13. The method of claim 12 wherein a flow ratio of said CHF 3 to said 
CO is about 0.4 to 0.6. 
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14. The method of claim 1 2 wherein a flow ratio of said CHF 3 to said 
neon is about 0.1 to 0,2. 

15. The method of claim 12 wherein a flow ratio of said CHF 3 to said 
5 N 2 is about 0.8 to 1.4. 

1 6. The method of claim 1 2 wherein said plasma processing chamber 
represents a triode-type plasma processing chamber having therein a grounded 
hollow anode. 

10 

17. The method of claim 1 1 wherein said substrate is a semiconductor 

wafer. 

1 8. The method of claim 1 1 wherein said silicon dioxide-containing 
15 layer represents a tetraethylorthosilicate (TEOS) layer. 

19. The method of claim 1 1 wherein said substrate represents a 
substrate for forming integrated circuits (ICs). 

20 20. The method of claim 1 1 wherein said substrate represents a 

substrate for forming a flat panel display. 

21 . A method for forming an integrated circuit, comprising: 
providing a semiconductor wafer having thereon a silicon dioxide- 

25 containing layer disposed above a TiN layer; 

positioning said semiconductor wafer in a plasma processing chamber; 

flowing an etchant source gas that includes CO, CHF 3s neon and N 2 into 
said plasma processing chamber; and 

forming a plasma out of said etchant source gas within said plasma 
30 processing chamber to cause etching of said silicon-dioxide-containing layer, 

22. The method of claim 21 wherein said etchant source gas consists 
essentially of CO, CHF 3 , neon and N 2 , 
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